Iron deficiency is known as the most important nutritional problem in the world. The loss of appetite is a common characteristic of iron deficiency. Ironcontaining heme is required as a cofactor for nitric oxide synthase (NOS) which produces nitric oxide (NO). NOS in the central nervous system has been suggested to regulate food intake. Hence, we examined the expression of hypothalamic NOS at various levels of dietary iron. ICR mice (n ¼ 30) were randomly divided into three groups based on the level of dietary iron and fed experimental diets for 4 weeks: the normal-iron diet group (7 mg/kg diet, n ¼ 10), the low-iron diet group (21 mg/kg diet, n ¼ 10) and the high-iron diet group (42 mg/kg diet, n ¼ 10). Expression of NOS in the paraventricular nucleus (PVN) and lateral hypothalamic area (LHA) of hypothalamus was examined by histochemistry for nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-diaphorase). The highiron diet mice showed significantly higher staining intensity of NADPH-diaphorase-positive neurons in the PVN and LHA than the normal-and low-iron diet mice. Key words: iron; hypothalamus; NADPH-diaphorase; nitric oxide synthase; food intake
Loss of appetite has been reported to be a common character of iron deficiency, 1, 2) suggesting a relationship between iron supplement and food intake in iron deficiency. 2) In addition, iron plays an important role in maintaining normal neurological functions in the central nervous system (CNS). 3) Iron-containing heme is known as a cofactor in the biosynthesis of nitric oxide synthase (NOS). [4] [5] [6] In the brain and other mammalian tissue, NOS produces nitric oxide (NO), a neurotransmitter and a biological messenger molecule. 7, 8) NO acts as a modulator in the control of the food intake mechanism. It has been reported that the pharmacological inhibition of NOS decreased food intake in experimental animal models, 9, 10) but in the CNS, the relationship between iron and NOS is not well defined yet.
The purpose of this study was to investigate the expression of NOS in hypothalamic regions in normaliron diet (21 mg/kg), low-iron diet (7 mg/kg) and highiron diet mice (42 mg/kg) using nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-diaphorase). NADPH-diaphorase histochemistry was used to detect NOS neurons, since NADPH-d-positive neurons represent the amount of NOS. 11) Experimental procedures were conducted according to the animal care guidelines of NIH and the Korean Academy of Medical Sciences. ICR mice were housed at room temperature between 20 C and 24 C with a 12:12 h light-dark cycle. At the beginning of the study, all mice consumed water and food ad libitum for 7 d to adapt them to their new conditions. At 4 weeks of age, the animals were randomly assigned to three groups and fed a basic AIN-93 diet with different levels of iron content: a low-iron diet group (7 mg/kg, n ¼ 10), a normal-iron diet group (21 g/kg, n ¼ 10), and a highiron diet group (42 g/kg, n ¼ 10). After 4 weeks of experimental period, the mice were anesthetized with pentobarbital sodium (50 mg/kg, i.p.), and transcardially perfused with 50 mM phosphate-buffered saline (PBS). They were then fixed with a freshly prepared 0.1 M phosphate buffer (pH 7.4) containing 4% paraformaldehyde. The brains were removed and postfixed in the same fixative overnight and then immersed in a 30% sucrose solution at 4 C. Serial 40 mm-thick coronal sections were made with freezing microtome (Leica, Nussloch, Germany). NADPH-diaphorase positive neurons were detected using NADPH-diaphorase histochemistry as described previously. 12, 13) In brief, freefloating sections were incubated at 37 C for 60 min in 0.1 M PB (pH 7.4) containing 0.3% Triton X-100, 0.1 mg/ml nitroblue tetrazolium and 0.1 mg/ml -NADPH. Sections were washed three times with 0.1 M PB and mounted onto gelatin-coated slides. The slides were air-dried overnight at room temperature, rinsed twice with distilled water and dried. Cover slips were mounted using Permount. Brain sections were analyzed using the atlas by Franklin and Paxions. 14) The staining intensities of sections specifically for NADPH-diaphorase were assessed in a quantitative fashion according to the microdensitometrical method based on optical density from an image analyzer (Multiscan, Fullerton, CA). 12) The results were analyzed statistically with a SPSS followed by Tukey's test. The statistical significance level was considered at P < 0:05.
The staining intensities of NADPH-diaphorase-positive neurons in the paraventricular nucleus (PVN) and lateral hypothalamic area (LHA) of high-iron diet mice were higher than those of the normal-diet mice and the low-iron diet mice (Fig. 1 ). In the PVN regions, the number of small-sized stained cells and fibers was less in norma-and low-iron diet mice than in high-iron diet mice ( Fig. 1A and 1B) , even though those cells and fibers were more frequently observed in high-iron diet mice (Fig. 1C) . Medium-sized stained neurons and fibers were scattered over the LHA of normal and lowiron diet mice ( Fig. 1D and 1E) , while higher staining intensities were observed from NADPH-diaphorasepositive neurons and fibers in the LHA of high-iron diet mice (Fig. 1F) . Table 1 shows quantitative differences in the optical densities of NADPH-diaphorase-positive neurons in the hypothalamic regions from each group. The optical densities of NADPH-diaphorase-positive neurons in the PVN and LHA of high-iron diet mice were significantly higher than in normal-and low-iron diet mice.
Iron deficiency is a common nutritional problem due to increased iron requirements during adolescence in humans. 1) Iron is essential as a metallic cofactor for A, the paraventricular nucleus of a normal-iron diet (21 g/kg) mouse; B, the paraventricular nucleus of a low-iron diet (7 mg/kg) mouse; C, the paraventricular nucleus of a high-iron diet (42 mg/kg) mouse; D, the lateral hypothalamic area of a normal-iron diet mouse; E, the lateral hypothalamic area of a low-iron diet mouse; F, the lateral hypothalamic area of a high-iron diet mouse. The scale bar represents 100 mm. many enzymes and proteins containing either heme or non-heme iron. 4) Goldblatt et al. 15) suggested that iron deficiency affects NOS activity in the ileum. Iron deficiency also results in altered gallbladder and sphincter of Oddi motility, and cholesterol crystal formation due to decreased levels of neuronal nitric oxide synthase. This situation is related to the incidence of gallstones in premenopausal women. 16, 17) Iron deficiency anemia adversely affects brain development with measurable effects on children's behavior, 18) motor development and cognition. 19) Moreover, iron treatment has an important role in improving appetite in anemic conditions in children. 20) Low-dose daily iron supplementation improves iron status and appetite but not anemia. 21) Squadrito et al. 22) have found that obese Zucker rats reduced food intake and body weight when treated with an NOS inhibitor. Morley et al. 23) proposed that NOS increases in obese (ob/ob) mice. These results indicate that NO plays a major role in the hyperphagia of obese animals and that NO might be a physiological mediator in the mechanism controlling food intake. Our results indicate that iron supplement induced expression of NOS in the PVN and LHA region, which is known as a feeding center, in iron deficient mice. NO products generated from NOS will be studied in the future. In this manner, iron supplement in anemic conditions can potentially contribute to improvements in of food intake. A clinical correlation should be further investigated. 
